Objective: Investigate the academic performance of medical students in rural and remote discipline rotations by rurality of placement. Design: A retrospective cohort study. Setting: Rural and remote clinical placement locations in Queensland, Australia. Participants: University of Queensland third-year medical students. Main outcome measures: In this study, student results for a range of assessments are the main outcome measures with rural area of student placement locations as categorised by the Australian Standard Geographical Classification -Remoteness Areas system the independent variable of interest.
Introduction
Facilitating medical students to consider pursuing careers in rural practice as part of their training is a common practice in many countries. Students highly rate their rural experience because it provides them with useful hands-on experience, reasonable autonomy, collaboration with community providers and an understanding of community needs. 1, 2 A review by Barrett et al. 3 showed that placement in rural settings is a positive learning experience that students and preceptors valued. 4 However, student experiences differ due to the availability of patients with varying clinical conditions and the range of specific clinical practice situations. 4 Inevitably, there is variation in the amount of direct observation and feedback received from preceptors, the educational experience and the number and types of procedures performed by each student. 1 There are concerns that students at rural sites might encounter a poor academic environment that could compromise their clinical development. 1, 5 There is a paucity of data comparing the academic performance of medical students specifically learning in rural and remote settings. It is important to determine academic performance under these conditions as the quality of education is mostly assessed on the basis of academic performance with assessment results being the primary indicators. 6 Students highly value academic performance as a measure 5 and they are positively affected by good results. 7 Therefore, knowing students will not be academically disadvantaged is important. 8 This study compared the academic performance of third-year medical students in their first clinical year undertaking rural and remote discipline rotations, from 2000 to 2014. It was hypothesised that the academic performance of students did not differ by rurality of placement.
Method Participants and setting
At the University of Queensland (UQ), medical students are allocated to a rural, metropolitan or overseas clinical school in their third year.
Third year consists of five rotations (eight weeks' duration), one of which is Medicine in Society whereby all domestic students need to undertake Stream A Rural and Remote Medicine. Students enter rural placement preferences but do not always get their top preferences due to preceptors or accommodation not being available.
Week 1 involves a structured orientation program, comprising lectures and procedural workshops. The core of each student's learning experience is a six-week clinical placement in inner regional-to-very remote regions, defined according to the Australian Standard Geographical Classification -Remoteness Areas (ASGC-RA):
These rural placements are the subject of this study. Students are immersed in rural medicine and work closely with their preceptor in providing health care in either a medical practice, hospital, a combination of medical practice and hospital or a remote setting. Clinical practice across facilities shares common parameters, including isolation from larger centres and their diagnostic and interventional facilities, a professionally challenging environment and a generalist-based multiskilled model of service provision. While on placement, students complete three assessments, and in the final debrief week, they sit for a written examination.
Some assessment components have changed over time or become redundant. The health project was renamed, while the written examination and clinical case presentation assessments have been consistent.
Preceptors rate their students using a standardised clinical preceptor assessment and clinical case presentation templates. All other assessments are marked using a standardised template by independent markers. These templates aid consistency of measurement by providing explicit, observable performance criteria against which performance is judged. 2 Overall grade is derived by calculating the weighted average percentage mark achieved across assessment tasks (all equally weighted). 10 classification, these locations were considered rural but RRMA was superseded by the ASGC-RA system in 2009, so these locations are no longer considered rural. Table 2 shows the study variables and the years for which they are available, including the independent variable, remoteness of placement location, seven assessment item dependent variables and six variables included to account for potential confounding factors.
Data collection

Analysis
Characteristics of the study sample are described (n, %) by level of rural placement (RA2-RA4). Descriptive statistics (mean, standard deviation (SD)) are used to summarise dependent variables (six individual assessments and overall grade) by level of rural placement. A one-way MANCOVA was conducted to determine the What is already known on this subject:
• Much is known about how the academic performance of medical students who learn in rural and remote settings in Australia, but not in relation to specific Australian Standard Geographical Classification -Remoteness Areas.
What this study adds:
• This unique study, extending over 14 years and multiple rural settings, significantly adds to the literature by affirming the equivalency of educational outcomes in specific Australian Standard Geographical Classification -Remoteness Areas.
• This not only reassures medical students, but also preceptors and educators, that learning in a rural and remote environment can support high academic achievement.
effect of ASGC-RA on student assessments, controlling for the potential confounding effects of sex, age, cohort year, rotation during the year, type of health facility and clinical school (rural or metropolitan). Correlations were calculated to demonstrate: bivariate relationships among outcome variables (assessment items); among potential confounding factors; and between outcome variables and potential confounding factors.
Variation in the number of assessment variables across cohort years meant that testing the effects of all assessment variables in one analysis incurred large amounts of data loss. Therefore, a stepped approach was taken with an initial analysis incorporating the largest number of variables collected over the largest number of cohorts, followed by more targeted analyses with assessment variables collected in a limited number of cohorts.
A comparison ANCOVA was conducted with overall grade. An omnibus test (MANCOVA or ANCOVA) indicated a significant difference across ASGC-RA categories, whereas follow-up univariate tests conducted with individual dependent variables identified the location of the significant differences. Statistical significance was evaluated at P < 0.05.
Ethics clearance was obtained from the Behavioural and Social Sciences Ethical Review Committee, UQ. Data were analysed using IBM SPSS Statistics for Windows, (v. 22; IBM Corporation, Armonk, NY, USA).
Results
Assessment records for 3727 students were available to be analysed. The number varied from 64 to 373 students per year from 2000 to 2014 (Table 3) . Of the 3727 students, 42.6% were placed in a RA-2 location, 34.8% RA-3, 14.4% RA-4 and 8.2% RA-5. The age of 3571 students ranged from 20 to 59 years, with a mean of 25.34 (SD 4.17) .
Of the 3554 students with type of health service data available, almost half were placed in a hospital The written examination is the only assessment conducted over the entire 14-year study period, while the poster assessment occurred only in the 1 year (Table 4) . Three of the assessments (written examination, health project and clinical participation assessment) included student results covering the full (1-7) range of grades possible. Mean grades for assessment variables by placement rurality ranged from 5.28 to 6.00. Of the potential confounding variables, sex was significantly correlated with five of the seven assessment items (Table 5) . Similarly, rotation was significantly correlated with six of the assessment items and cohort year with four assessment items. In contrast, age was only significantly correlated with three assessment items and rural clinical school with two assessment items. The health service type was not significantly related to any student assessment results. Significant bivariate correlations among assessment variables ranged from small (r = 0.060) to large (r = 0.685).
Tests showed that multivariate analysis assumptions were met. The multivariate test (MANCOVA) for the main effect of rurality of placement on written examination, clinical case presentation, health project and clinical participant assessment was significant F(12, 5634) = 3.178, P < 0.001, after controlling for the potential confounding effects of sex, age, cohort year, rotation, service type and attendance at RCS. Significant univariate main effects for rurality were obtained for clinical case presentation: F(3, 1879) = 4.908, P = 0.002; health project: F(3, 1879) = 7.300, P < 0.001; and clinical participation assessment: F(3, 1879) = 2.890, P = 0.035. No significant effect was obtained for written examination.
Post hoc comparisons indicated that the health project mean score for students placed in RA5 areas was higher than for students placed in RA2 (P < 0.001), RA3 (P = 0.001) and RA4 (P = 0.014) areas. Similarly, for the clinical case presentation assessment, students in RA5 areas had higher mean scores than students in RA2 (P = 0.001), RA3 (P = 0.017) and RA4 (P = 0.003) areas. Clinical participation assessment showed the same effect, with RA5 student mean scores higher than for students in RA2 (P = 0.017), RA3 (P = 0.013) and RA4 (P = 0.01) areas.
Significant effects on assessment results were associated with the covariates of sex (F(4, 1876) = 11.297, P < 0.001), attendance at the RCS (F(4, 1876) = 2.681, P = 0.030), cohort year (F(4, 1876) = 3.066, P = 0.016) and rotation (F(4, 1876) = 9.849, P < 0.001). There was no significant difference in assessment results associated with age or the type of health service that students attended.
Rural placement was associated with the final student grade, as assessed by overall grade (F(3, 2461) = 4.831, P = 0.002), after accounting for the effects of potential confounding factors (sex, age, cohort year, rotation, service type and RCS status). Supplementary multivariate analyses showed no significant effect of rurality of placement on the poster or the journal of achievement assessments.
Discussion
Students in rural locations encounter an environment that supports their academic performance and clinical development 1, 5 and provides a positive learning experience. 3 One study showed that most rural and remote students did not think they had missed out academically 11 and another study found that rural students did not receive unfavourable exam results. 1 This study showed that students placed remotely (RA5) achieved a higher mark for their health project, clinical case presentation and clinical participation assessments, which sometimes resulted in a better overall grade.
The intensive nature of the rural experience could have contributed to the assessment performance of those students who chose to go remote. 12 Specifically, students receiving high health project assessment marks might have benefited from the way remote communities viewed and valued their own participation in these projects, 13 aimed at identifying and addressing community need.
The clinical case presentation assessment is used in real clinical settings and has a known reliable assessment methodology. 14 Both the clinical case presentation and clinical participation assessment are marked by preceptors and involve assessment of professionalism and core clinical skills. For these assessments, remote students might have benefited from having more opportunities to see a wider array of patients and experience more continuity of care with less competition from other learners. 15, 16 Alternatively, the significant variation between student results across ASGC-RA locations could also suggest subjectivity, different expectations about performance level or the effect of multiple ratings across different cases influencing preceptors' judgement. 17 Despite overall grade being derived from different combinations of assessment over the years, this study showed that rural placement was associated with student's final grade. Similarly, one study found generally rural students achieved higher overall grades and higher clinical evaluations. 12 While we have no reason to expect that higher-achieving students are more likely to select a rural or remote placement, we were unable to account for this factor and this remains a limitation of this study.
The sex difference in academic achievement was significant, revealing higher academic performance of female students compared to their male counterparts for five of the assessments. These results are consistent with previous research, 18 with the difference attributed to their motivation for academic success. 19 However, the age of students did not account for assessment differences across the rural areas. One study found no significant effect for age on measures of academic performance. 20 Comparing academic performance between students with prolonged rural and urban experience has shown different results. This study found students who spent the academic year in a RCS achieved significantly better written examination and overall grade assessment results than those students located in a metropolitan clinical school. In contrast, one study found academic performance among students studying in rural and urban settings was comparable. 8 Conversely, another study showed that the academic performance of students from urban areas was better than the performance of students from rural areas. 6 This study found no significant difference in assessment results associated with the type of health service. Other research also suggests students being taught in combination facilities should not have concerns about their academic performance, 21 particularly as most students are exposed to high-quality education and dedicated teaching time. 22 This includes general practice, which can provide one-on-one teaching with greater access to patients with chronic conditions or undifferentiated illness outside the hospital setting. 23 Students have indicated that general practice and hospital teaching complement each other and recognise basic clinical skills can be learnt in either setting, but for some areas, they are more appropriately learned in one rather than the other. 24 This study has established that medical students' academic achievement was associated with many factors, but being placed in remote areas is one factor that either does not impede or can positively influence the learning and academic performance of medical students.
